Mutants with alterations in the structural genes for ribosomal proteins S15, L21, and L27 were used in mapping the genes coding for these proteins. Results from Plkc-mediated transductions indicate that the genes for L21 (rpIU) and L27 (rpmA) form a gene cluster and are located between argG and gltB at 68.1 min, whereas the gene for S15 (rpsO) is situated close to, but on the opposite side of, argG. The gene order in this region is concluded to be gltB-(rplU, rpmA)-argG-rpsO-mtr.
Mutants with alterations in the structural genes for ribosomal proteins S15, L21, and L27 were used in mapping the genes coding for these proteins. Results from Plkc-mediated transductions indicate that the genes for L21 (rpIU) and L27 (rpmA) form a gene cluster and are located between argG and gltB at 68.1 min, whereas the gene for S15 (rpsO) is situated close to, but on the opposite side of, argG. The gene order in this region is concluded to be gltB-(rplU, rpmA)-argG-rpsO-mtr.
We have previously described a large number of mutants of Escherichia coli with altered ribosomal proteins isolated either as temperaturesensitive mutants (10, 11, 14) or as revertants from a special type of streptomycin-dependent strain (4, 5) . Some of these mutants have been successfully used in mapping the genes coding for ribosomal proteins whose chromosomal locations were not known (9, 12, 13, 16) . Thus, it has been established that, in addition to the two well-characterized clusters of ribosomal protein genes at 72 and 88 min (17) , there are two more ribosomal protein gene clusters, one containing at least the genes for S6, S18, and L9 and the other containing those for S16 and L19.
Recently Takata (19) performed intergeneric matings between E. coli and Serratia marcescens, analyzed the gene dosage effects in merozygotes, and reported that the genes for S15, L21, and L27 were situated on the episome that covered the region containing argG. Our preliminary gradient transmission experiments with an S15 mutant as well as the finding that the mutations leading to L21 and L27 alterations also mapped in this region confirmed the report by Takata (19) . Below we report the details of P1 phage-mediated transductions of these mutations in conjunction with markers near argG. These studies have led us to conclude that the genes for L21 and L27 forin a gene cluster and that the gene for S15 is located on the opposite side of argG.
MATERIALS AND METHODS
Bacterial strains used in this work are listed in Table 1 . Points of entry and directions of chromosome transfer of Hfr strains are shown in Fig. 1 . Culture media, matings, and transductions with P1 were performed as previously described (12) .
argG derivatives were obtained as follows. Cells were grown to mid-logarithmic phase, treated with 1% EMS (ethyl methane sulfonate, Sigma Chemical Co.) in minimal A medium (6) for 2 h, screened by two cycles of penicillin (Sigma) treatment and tested for arg by replica plating. Colonies which grew well in medium containing arginine but not in medium containing citrulline were selected. The clones thus selected are either argG or argH. The locations of these genes have been established at 68 and 88 min, respectively (1). After single-colony purification, we crossed these Arg-derivatives with Hfr strains KL14 and KL228 ( Fig. 1 ) and selected strains which gave a high number of Arg+ recombinants in both crosses. The arg mutations of these strains were further confirmed to be argG by performing P1 transductions using a standard argG strain and by examining cotransduction of the S15 alteration or gltB (see Results section). Thy-mutants were obtained by trimethoprim treatment (18) . Trimethoprim and thymidine were used at the concentrations of 10 and 50 pLg/ml, respectively. Analysis of ribosomal proteins was carried out by twodimensional electrophoresis (15) by using smaller electrophoresis chambers as previously described (12) . RESULTS Location of S15 mutation. Mutant JE132 is a temperature-sensitive derivative of PA3092 (14) . This mutant strain was found to harbor at least three mutations, one causing temperaturesensitive growth, another causing an unknown auxotrophic requirement(s), and a third causing an alteration in ribosomal protein 515. The temperature-sensitive mutation was found to be unrelated to the S15 alteration and, therefore, was not investigated further.
The altered S15 protein of JE132 migrates slower than the wild-type S15 in the vertical direction (second dimension) oftwo-dimensional electrophoresis (Fig. 2a) . The auxotrophic mutation(s) does not revert and cannot be eliminated by P1 transduction. A derivative of JE132 which grows well on minimal A agar plates con- (Table 1) .
Since Takata and Kobata (20) located the gene for protein S15 (rpsO) near argG, if the mutation in MB2310 had occurred in the structural gene for protein S15, it should map near argG. We crossed MB2310 with Hfr strains, KL209, AB313, KL14, and EC2 and analyzed the recombinants for S15. As shown in Table 2 , five out of six recombinants from the cross with KL14 concomitantly inherited the wild-type S15, but none out of the ten recombinants from the cross with EC2 did. This result indicates that the mutation leading to the S15 alteration is between the points of entry of KL14 and EC2, that is, between 65 and 71 min.
For P1 transductions, we constructed a P1-sensitive derivative of MB2310 because this mutant, like all other derivatives from PA3092, harbored an unknowngro mutation for P1 phage near strA (rpsL) as described previously (16 (1) . These results indicate that the gene order gltB-argG-S15 mutation is more likely than gltB-S15 mutation-argG, although the number of transductants analyzed is not sufficient to allow a more definite conclusion.
Fine mapping of genes in the argO region. Mutants VT519 and VT254 which were isolated as revertants from a special type of streptomycin-dependent strain (4) harbor alterations in ribosomal protein L21 and L27, respectively. The protein L21 of VT519 (Fig. 2b) is more acidic than the wild-type L21, and the protein L27 of VT254 (Fig. 2c) is more basic. As described before, Takata (19) reported that the gene for protein L27 (rpmA) was carried by episomes containing argG together with those for S15 and L21 (rpsO and rplU). This prompted us to investigate whether these genes are clustered.
We constructed strain MB411 argG containing the S15 alteration by introducing the S15 alteration of MB2310 into JC411 by P1 transduction and converting one of the resultant transductants to argG as described in Materials and Methods. P1 transduction was performed with strain MB411 as recipient and VT519 and VT254 as donors. Some of the ArgG+ transductants acquired the altered L21 or L27 from the donors and still retained the S15 alteration. This result suggests that the L21 and L27 mutations are probably located on the other side of argG from the S15 mutation because the cotransduction frequencies for argG and the S15 mutation and for argG and the L21 and L27 mutations are almost the same, and yet double mutants for these ribosomal protein alterations have been obtained. Moreover, it seems very likely that the mutational alterations in proteins S15, L21, and L27 we have identified occurred in the structural genes coding for these proteins, since Takata's report (19) indicated their presence in this region. Therefore, these mutations have been designated rpsO (S15), rplU (L21), and rpmA (L27).
For subsequent experiments, we chose ArgG+ transductants with alterations in two ribosomal proteins and termed them 151 (with altered S15 and L21) and 157 (with altered S15 and L27). Transductions were performed with JC411 as recipient ( Table 5 ). In both cases segregation with respect to the S15 and L21 (or L27) alterations occurred at quite high frequencies, indicating that the mutation causing the alteration in protein S15 is well separated from the mutations causing the alteration in protein L21 or L27.
We then carried out P1 transduction using 151 and 157 as donors and MB341 gltB argG as recipient. Selection was made for Asp' (Table   6 ). If the gene order in this region is gltB-(rplU, rpmA)-argG-rpsO as in diagram A, then all the transductants except RplU+ RpsO-and RpmA+ RpsO-can result from two crossings-over. If, on the other hand, the gene order is gltB-rpsOargG-(rplU, rpmA) as in diagram B, then four crossing-over events are needed to yield RplURpsO+ and RpmA-RpsO+ transductants. The percentages of these two types among the total transductants tested were rather high (4 out of 59 and 5 out of 50, respectively), whereas no transductants of RplU+ RpsO-and RpmA+ RpsO-types (which could result from two crossings-over if diagram B is correct) were observed. We concluded from these results that the gene order depicted in diagram A is the correct one.
In addition to these findings, our data of threepoint crosses (Table 4) indicated that mtr, which was previously placed between argG and gltB (1, 8) should be located on the same side of argG as rpsO. Furthermore, the results obtained with MB2312 argG rpsO rplU as recipient clearly show that mtr is further away from argG than rpsO. Therefore, we concluded that the gene order in this region is gltB-(rplU, rpmA)-argGrpsO-mtr as summarized in Fig. 3 . S15, L21, and L27 mutations have occurred in the structural gene. To confirm that the mutations in strains JE132, VT519, and VT254 have indeed occurred in the structural genes for the ribosomal proteins S15, L21, and VOL. 138, 1979 on January 6, 2018 by guest http://jb.asm.org/ Downloaded from showed both the wild-type and mutant forms of S15 and L21 upon two-dimensional electrophoresis (Fig. 4a) and one recombinant showed only the mutant fonn. Similarly, two out of three recombinants derived from MB2313 recA showed both forms of S15 and L27 (Fig. 4b) , whereas one recombinant possesed both forms of S15 but only the mutant form of L27. These results clearly indicate that the three mutations have occurred in the structural genes for ribosomal proteins S15 (ipsO), L21 
DISCUSSION
The P1 phage-mediated transduction data presented in this paper clearly indicate that there is another ribosomal protein gene cluster near argG. Our previous work has demonstrated that the genes for proteins S16 and L19 (9) and the genes for proteins S6, S18, and L9 (13) form gene clusters at 56.4 and 94 min, respectively. The interesting feature in the case reported in this paper is that the gene coding for S15 (rp80) and the genes for L21 (rpIU) and L27 (rpmA) are separated from each other and from argG by very similar distances. Takata (19) reported that overproduction of L21 and L27 was observed in a heteromerozygote, carrying an episome covering the region containing argG, whereas such an overproduction was not observed for protein S15. This finding seems to suggest that proteins L21 and L27 are transcribed and translated separately from protein S15, which is in good accordance with our mapping data for the genes encoding these proteins. Since not only L21 and L27 but also S15 have been shown to be coded by both the wild-type and mutant genes present in heteromerozygotes (Fig. 4) , the observation reported by Takata (19) may indicate that the mechanism controlling the total amounts of individual ribosomal proteins functions more strictly toward S15 than toward L21 and L27. It is of great interest, therefore, to clone these genes on suitable plasmid or phage vectors and sequence the regulatory regions governing them. Unfortunately, however, our attempts to obtain A specialized transducing phages carrying these genes have so far been unsuccessful. aPl-mediated transduction and analysis of transductants were performed as in Table 5 .
VOL. 138, 1979 on January 6, 2018 by guest http://jb.asm.org/ Downloaded from
